Abstract Field petrographic and structural data of the Mbé-Sassa-Bersi area exposed two main group of rock (metamorphics and plutonics) which were affected by polyphase deformation. The structural evolution is marked by four deformation phases called 
Introduction
Structural analysis of metamorphic and magmatic terranes is commonly used to characterise the tectonic evolution, define magmatism and deformation history in the orogens [1, 2, 3, 4] . The Central African Orogenic Belt (CAOB; Figure 1a ) also called the North Equatorial Fold Belt [1, 5, 6] result from the convergence and collision between the Congo-São Francisco cratons, West African craton and Saharan metacraton [7, 8, 9, 10] . In Cameroon, this orogenic Belt have been subdivided into three lithotectonics domains on the basis of petrographical, structural, geochronological and isotopic features [2, 9, 11] . These domains are from the south to the north, (1) the southern domain also called the Yaoundé domain, (2) the Central Cameroon domain or Adamawa-Yadé domain and (3) the Northern domain or North-West Cameroon domain (Figure 1b ). The evolution of the CAOB involves many Pan-African shear zones among which the Tcholliré-Banyo shear zone (TBSZ) and the Central Cameroon shear zone (CCSZ) [2, 9, 10, 12] . Several geological investigations were made on these shear zones with a view to understand their kinematic, tectonic regime and tectonic evolution [1, 13] . Particularly, the Tcholliré-Banyo shear zone and the Central Cameroon shear zone are well investigated in the Tcholliré-Buffle Noir and Mayo
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Dana-West of Tibati regions respectively [1, 14, 15, 16, 17] . These investigations show D 2 sinistral transpresion along the Tcholliré-Banyo [17] ; D 2 sinistral transpression (resulting from the interaction between shear and thrust movements) and D 3 dextral transtension (resulting from interaction between shear and oblique normal fault movements) along the Central Cameroon shear zone [10] . However these previous results, shows some controversial regarding the kinematics, tectonic evolution and tectonic regime of these shear zones. For example, according to [14] and [16] , structural analysis of the Tcholliré-Banyo shear zone reveals D 2 -D 3 dextral transpression. In addition, the evolution of deformation is still discussed in the central north Cameroon. Some standpoint are in favour of two deformation phases [18, 19] while other point out four deformation phases [9, 14, 20, 21, 22, 23, 24] . More again, there are not consensual about the nature of structural elements that characterize each of the deformation phases. The Mbé -Sassa-Mbersi areas, where cross both shear zones is still studied out except some scarce structural studies made in the Ndom, Karna and Mbé areas [9, 10, 16, 25] to the west of the study areas. There is a need of field data providing detailed informations on the evolution of tectonic structures and the history of deformation. The aim of this works is to present field petrographical and structural data of the Mbé -Sassa-Mbersi area in order to (1) characterize the tectono-magmatic history, and (2) define the tectonic evolution of the Tcholliré-Banyo and Central Cameroon shear zones from the study of the portions of these shear zones in this area. 
Geological Setting
The Mbé -Sassa-Mbersi area is located at around 60 km to the North of the Ngaoundéré town. It is geologically situated at the northern edge of the Central Cameroon domain of the Central African Orogenic belt, between the Tcholliré-Banyo shear zone to the North and the Central Cameroon Shear zone to the South (Figure 1) .
The Tcholliré-Banyo shear zone (TBSZ) is a NE-SW Pan-African transcurrent shear zone of the CAOB in the northern Cameroon. It is marked by the heavy gravity anomaly, interpreted to underline a lithospheric scale suture [26, 27] . The TBSZ is associated to (1) the Rey-Bouba greenstone belt (RBGB); [28] himself closely related to the low to high grade Poli Belt that continues beyond the Chadian border by the greenschists Gouey-goudoum Belt and Bibemi-Zalbi Belt; (2) the mylonitic hornblende-biotite gneiss of Mbé [25] on the south west prolongation of the this shear zone and (3) the Tcholliré batholith [17] . The RBGB is made of mafic to intermediate and felsic metavolcanic rocks; and by metasedimentary rocks all metamorphosed under low grade at 600 Ma [28, 29] . The RBGB is actually considered as remnants of back arc basin [30, 31] related to the TBSZ. The mylonitic hornblende-biotite gneiss of Mbé quarry which have been dated at 580 ± 11 Ma (U-Pb titanite age) was interpreted as dating the minimum age of sinistral deformation event in this area [25] . The Tcholliré batholith is hosted in the Rey-Bouba green schists and had been reported as syn-tectonic [14, 17] . This massif consist of granites, emplaced during sinistral transpression between 632 ± 13 Ma and 719 ± 12 Ma, period during which, the TBSZ was active in the Tcholliré area [14, 17] .
The ENE-WSW trending Central Cameroon Shear Zone (CCSZ) extends towards the Gulf of Aden [32] and is considered as the NW extension of the Pernambuco Fault in NE Brazil [3, 33] . This shear zone marks the transition between a subdomain with an N-S trending foliation to the North and a subdomain with an E-W trending foliation to the South [15] . Along this shear zone and his Sanaga shear zone relay, kinematic analysis show an earlier D 2 sinistral transpression followed by a D 3 dextral shear movement during Pan-African Orogeny [1] .
The Central Cameroon domain that extends from the north of Sanaga shear zone (Figure 1b) to the South of the TBSZ [9] is made of (a) Palaeoproterozoic orthogneisses and metasediments, with abundant inherited zircon pointing to the significant contribution of an Archaean crust [34, 35, 36, 37, 38] . These rocks are dominantly migmatitic and transformed under high-pressure granulitic metamorphism dated at 600 Ma [39, 40] ; (b) Neoproterozoic metavolcano-sedimentary rocks belonging to the Lom series, and recrystallized under low-to medium-grade metamorphic conditions during the Pan-African orogeny [1, 31, 41] ; and (c) syn-to late-orogenic, weakly deformed granites emplaced at ca. 600 Ma [42, 43] , showing calc-alkaline to shoshonitic affinity [18, 19, 37] , and considered to be of crustal or mixed origin [41, 43] . The abundance of inherited zircon and monazite grains with Archean to Paleoproterozoic U-Pb ages in the metasediments and granites suggests that the Central Cameroon domain is mostly composed of rocks issued from an Archean to Paleoproterozoic crust reworked during the Pan-African orogeny [9, 34] . According to [44] and [45] , this domain represent an Archaean/Palaeoproterozoic crust, detached from the northern marging of the Congo craton during the early Neoproterozoic and re-accreted with the MayoKebbi domain during the Pan-African orogeny.
Methodology
In this study, we use classical field methods. The structural elements of each deformation phase are recognizable on the field and their orientation (strike and dip) were measured using compass and clinometer. Geometric analysis consisted of description and definition of groups of structures as proposed by [46] . These data were statistical analysed in the laboratory using Stereonet software. To get the overall orientation of the foliation, schistosity and lineation, the poles of these structural elements have been plotted and contoured in lower hemisphere of Schmidt diagrams using conventional techniques [47] . The deformation history and kinematic analysis of the whole area were deduced from the field study and detailed mapping of foliation and lineation trajectories in addition to observation of meso-to macroscopic criteria of coaxial or non-coaxial deformation. Thin sections of metamorphic and plutonic rocks have been observed at the Laboratoire de Cartographie, Pétrologie, Géochimie et Métallogénie (LCPGM) of the university of Ngaoundéré.
Results: Petrography and Structure
The Mbé -Sassa-Bersi area is made mainly of metamorphic rocks, intruded by plutonic rocks (Figure 2 ). Metamorphic rocks consist of three mains groups: the first group comprises mafic to ultramafic rocks (amphibolite, garnet amphibolite, garnet-chlorite amphibolite, hornblendite and metagabbro); the second group is made of orthogneisses (tonalitic orthogneiss, biotite orthogneiss and amphibolebiotite orthogneiss) and the third group consists of paragneisses (biotite-garnet gneiss, garnet-kyanite gneiss, biotite-sillimanite gneiss, and calc-silicate gneiss). Plutonic rocks belong to the large Adamawa-Yadé batholith [9, 19, 35, 42, 43, 48] and consist of tonalite, trondhjemite, granodiorite, biotite granite and leucogranite. These two major lithological groups are recovered in place by sediments and volcanic rocks. Structurally, the study area include two branches of the major shear zones: (a) the NE-SW Tcholliré-Banyo shear zone passing through Karna, Mbé and Ndong Benue and (b) the ENE-WSW Central Cameroon shear zone that cross Sassa-Bersi locality and Ngaoudéré scarp. Polyphase deformation (D 1 to D 4 ) has been registered in the metamorphic rocks of the study area. Structural data have been reported on the geological and structural map of Figure 2 . Figure 4d ) showing migmatitic appearance. These rocks display medium to coarse-grained structure. The texture can be granoblastic, granoporphyroblastic, granonematoblastic and mylonitic and consist mainly of amphibole -plagioclase -opaque minerals ± pyroxene ± garnet ± rutile ± oxides.
Garnet amphibolite crops out as metric to centimetric slabs at the Ndong Bénoué, Mayo Lou and Mayo Mbanna. The rock is dark and show medium to coarse-grained structure. It is characterized by granoblastic or granoprophyroblastic texture, made of amphibole, garnet (with variable size), plagioclase and biotite. Accessory minerals are oxides, titanite. Secondary minerals are made of quartz and biotite.
Garnet-chlorite amphibolite crops out as blocks or as elongated and flattened enclaves concordant to the banding of orthoneisses of Ndong Bénoué. They show mylonitic texture constitute of globular blasts of garnet (whit inclusion of quartz and rutile), and some ovoid crystals of plagioclase moulded by a greenish matrix consisting essentially of fine crystals of chlorite. Opaque minerals and graphite are accessory. Epidote, calcite and sericite are the secondary minerals.
Orthogneiss Orthogneiss outcrop as slabs or as metric to decametric blocks (at Ndong Bénoué, Lasséré, Toubaka, Ndom and wack localities), arranged in a parallel direction to the regional foliation. They appear also as enclaves in granites at the Ngaoundéré scarp where they are associated with amphibolite. Orthogneisses are grey dark or grey light in colour and show foliation characterized by alternating quartzo-feldpathic and ferromagnesian rich layers. It displays minerals with fine to medium size. Their exture are either granolepidoblastic or granonematoblastic either granoblastic heterogranular made mainly of quartz, feldspar, plagioclase, amphibole, biotite and oxides.
Paragneisses
Paragneisses are composed of biotite-garnet gneisses, garnet-kyanite gneisses, biotite-sillimanite gneisses and calc-silicate gneisses.
Biotite-garnet gneisses mainly crop out in the Benue river of the Ndong Bénoué (outcrop in strips) and Toubaka (outcrop in slabs) localities and in the Karna quarry (outcrop in beveled layers in the amphibolites). The rock is brown and the grains size is medium. Their texture are mylonitic, ultra-mylonitic or grano-lepidoblastic and mainly made of quartz + biotite + garnet + plagioclase.
The garnet-kyanite gneisses are found in contact with amphibolites in the Benue river of the locality of Ndong Bénoué. The rock, brown-light in colour show medium to coarse grains. Texture is mylonitic, grano-lepidoblastic or grono-lepidoclastic hetero-granular with composition of quartz + biotite + garnet + plagioclase ± kyanite ± sillimanite ± feldspar ± rutile.
Biotite-sillimanite gneisses appear as beveled layers in garnet-kyanite gneisses. The rock is grey and show fine grain minerals made of quartz + biotite + garnet + plagioclase ± sillimanite ± feldspar. Prehnite and muscovite are secondary. Texture is grano-lepidoblastic. Calc-silicate gneisses crop out in strips about two meters wide and more than 20 meters long between outcrops of garnet-kyanite gneisses. The rock is grey with medium size of grains. Their texture is granoblastic or gronoclastic. The mineralogical composition is clinopyroxene + dolomite + calcite + amphibole.
Plutonic Rocks Tonalite
Tonalite crops out as slabs at the northern part of the study area, in the Nguesseck village (Figure 3b ). Rock is light in colour, with medium-grained structure and display schistosity/foliation marked by preferred orientation of amphibole and quartz or by alternating quartz-feldspar and amphibole rich layers. Rock shows porphyritic texture, made of quartz, plagioclase, amphibole, biotite and Kfeldspar.
Trondhjemite Trondhjemite crops out as slabs in the garnet amphibolite at the Benue river, or as vein in granodiorite respectively at Ndong Bénoué and Mbaou localities. This veins have approximately 20 meters long and are trended mostly N-S. Rock is light in colour and displays fine to coarse grained-structure with intra-crystalline deformation marked by elongated quartz, plagioclase and biotite crystals. These minerals are elongated secantly to the foliation of host amphibolite. Trondjemite consist mainly of plagioclase and quartz phenocrysts, embedded in groundmass made of biotite, plagioclase, quartz and sometime garnet.
Granodiorite Granodiorite is more often associated with granite in heterogeneous outcrops. It also crops out as homogenous slabs or blocks to the East (Mbaou locality) and Northeast (Home and Ndong Bénoué localities) of the studied area. Rock is grey in colour with medium to coarse-grained structure. Some grains of feldspar show shape preferred orientation underlining the schistosity of the rock. The texture of granodiorite is granular porphyritic composed mainly of amphibole, quartz and feldspar phenocrysts, embedded in the finer grained matrix made of quartz, feldspars and biotite.
Granite Granite is the most abundant plutonic rock of the southern part (Sassa-Mbersi, Wack and Ngaoundéré scarp) of the study area where it crops out as elongated massifs with high altitude. In the northern part (Mbé, Ndong Bénoué, Ndom, Toubaka), granite crops out commonly as veins and rarely as blocks in hosts amphibolite or orthogneiss. They can crop out often as minor massifs of low altitude (Djer massifs and Ndong Bénoué). The veins are either parallel or secant to the schistosity/foliation of the host rocks. Granites are grey to grey light in colour with fine to medium-grained structure. Their texture is granular porphyritic and made mainly of quartz -feldspars -biotite ± pyroxene. Epidotes, calcite and chlorite are the most secondary minerals.
Structural Data
On the field, the sequence of structures is well preserved in metamorphic rocks. Meso-structural analysis work has permitted to identify three ductile deformation phases that we termed D 1 , D 2 and D 3 according to the chronology of these structures. These three ductile deformations are affected by a latest and only brittle deformation phase name D 4.
D 1 Deformation
The first deformation phase is recorded in amphibolite and tonalite of Nguesseck, Ndong Bénoué and Ndom localities. This deformation phase is characterized by flat layering S 0-1 foliation/schistosity bearing L 1 lineation and the development of F 1 fold. S 0-1 is defined either by quartz-feldspar layers that alternate with ferromagnesian rich layers, or by the shaped orientation or elongation of quartz and feldspar crystals that underline intracrystal deformation (Figure 3) . It is essentially subhorizontal or dipping shallowly (Figure 3a and Figure 3b ) toward NE or SW at Ndom locality and toward NW or SE, in other localities. Its strike change from N-S to NW-SE and the majority of strikes being NNW-SSE (Figure 2d, Figure 2g and Figure 2i ). In the Ndom locality, western part of the study area, poles of foliation define a great circle pattern whose the best pole consistent with L 2 lineations and F 2 fold axes (Figure 2d ). Although difficult to observe in the field, because of the effects of the D 2 and D 3 , L 1 lineations, observed in some places, are commonly mineral lineations, defined by alignment of amphibole, or stretching lineations, formed by elongated feldspar and quartz. L 1 plunges mainly to the SE or SSE with horizontale to subhorizontal angle (1 to 35°; Figure 2 ). During the D 1 deformation phase S 0-1 is partially to totally transposed into F 1 folds. The F 1 folds developped during this deformation phase consist of asymetrical sloping folds with axial plan concordant to S 0-1 . These fold are recumbent further to an overlaping whose the surface is concordant to the axial plane of F 1 (Figure 3d ). F 1 folds and L 1 lineations axis plunge slighly toward SE. These firsts structurals elements are strongly partially or totally transposed during the second deformation phase.
D 2 Deformation
During the second phase of deformation, the S 0-1 is partially to totally changed into S 2 foliation/schistosity in amphibolite and orthogneisses. S 2 is marked either by alternating quartz-feldspathic rich and ferromagnesian rich layers or by preferred orientation of amphibole and biotite (in granodiorite and granite). The S 2 planes trend mostly NE-SW to ENE-WSW with steep dip ranging between 40° and 80° toward NW or SE (Figure 4a ). These geometrical positions and dipostions are also showed in the stereonet plot of Figure 2a , c, e, f, h, j and k, where the poles of S 2 are grouped near the fundamental circle of the diagram but in the NW and SE quarters. However, in some outcrop, the dip of S 2 is lowest than 40°, which is attributed to the partial or incomplete transposition of S 0-1 in these areas. The S 2 planes contain horizontal to subhorizontal L 2 lineations. L 2 are defined by elongated and stretched feldspar, amphibole and biotite, in a parallel direction to the trend of S 2 foliation/schistosity, with low plunging ranging between 5° and 30° toward NE or SW (Figure 2a,  Figure 2e , Figure 2f and Figure 2j ). The folds developed during this deformation phase are upright, rootless, training, asymmetric, ptygmatitic and sheath folds with axial plane parallel to the trend of S 2 planes (Figure 4b,  Figure 4c, Figure 4d , Figure 4e and Figure 4f ). F 2 folds axis and L 2 lineation plunge with low angle toward NE or SW. In place, the S 0-1 planar structure display inflexion at the contact of N50E or N60E C 2 shear planes that are delineated by quartzo-feldspathic or granitic veins, with inner schistosity concordant to the S 2 foliations (Figure 4g ). NE-SW C 2 shear planes cut S 0/1 with sinistral motion. B 2 Boudins developed during the D 2 deformation consist of intrafolial granitic veins, pinched and swelled in a parallel direction to the S 2 structure and underlining the regional stretched direction (Figure 4i, Figure 4j ). These Boudins are complete or incomplete but, the complete one are more expressed in the study areas. The incomplete boudins are localised at the limbs and hinges of the F 2 asymmetric and rootless folds. 
D 3 Deformation
The structural elements developed during this deformation phase are the consequence of the tectonic transposition of the previews structures. D 3 is characterized by S 3 schistosity, concordant to the axial plan of F 3 folds and underlined by shaped preferred orientation of amphibole and biotite. In place, S 3 schistosity is reinforced by deformed aplitic or pegmatitic veins, oblique to the S 2 planes. S 3 is mostly trended between N70E, N75E or E-N80E, with steep dip (ranging between 60° and 90°) toward SSE or NNW. The stereonet plot of Figure 2b and l show that S 3 pole cluster in the SSE and NNW quarters of the diagram, but near the fundamental circle; suggesting the steep dipping of S 3 such as observed and measured on the field. L 3 lineation contained on the S 3 planes is marked by stretched feldspar and amphibole. L 3 plunges with low angle (ranging between 20° and 40°) toward E or ENE (at Ndong Bénoué area and surroundings), and WSW at Ndom and Toubaka areas (Figure 2 b and Figure 2l ). However, in the northern side of the Karna quarry, L 3 is marked by dextral striations plunge with high angle (40° to 70°) towards SW. The F 3 folds developed during this deformation phase are mesoscopic and result from the folding of the S 2 planes or from refolding of the F 2 axial planes. Based on the dip angle of their axial plane the F 3 folds consist mainly of upright folds ( Figure 5a) ; and their axis is trended N80E in amphibole-biotite orthogneisses of Mayo Lou ( Figure  5b ). The C 3 shear planes are concordant to S 3 foliation and the axial plane of F 3 folds. They transpose the NE-SW D 2 planar structures and are outlined by granitic veins ( Figure  5 a, b, c, d , e, f). C 3 trend mostly N70E to N80E in a parallel direction of the Central Cameroon shear zone and show dextral shear motion (Figure 5c, d, e, f) . B 3 boudins consist of elongated amphibolite enclaves in orthogneisses, slightly transposed (Figure 5g, h) . These boudins have an internal foliation materialized by the ribbon of the rock and directed N50 to N55E (concordant to the trend of S 2 foliation). This inner foliation is discordant to the outer S 3 foliation rather trended N70E or N80E.
D 4 Deformation
The D 4 deformation phase is characterized by fractures, faults and tension gashes that are all subsequent to the structural elements of the previews deformation phases ( Figure 6 ). These structures are observed on all the lithological groups. Fractures are generally dry and are trended N120E to N130E. Faults consist of the C 4 shear planes that are generally filled or not with no deformed granitic and quartz veins. These C 4 shear planes show dextral or sinistral movement (Figures 6c and d) . Tension gashes are constituted of small veins of quartz or calcite (Figure 6 c) . 
Discussion

Tectono-magmatic evolution of the Mbé -Sassa-Bersi area
The first phase of deformation (D 1 ), mainly recorded in amphibolite and tonalite is illustrated by a shallowdipping foliation S 0/1 with F 1 folded profile. The planar structures bear both mineral and stretching lineation L 1 . S 0/1 planes shows variable direction, from NW-SE to NNW-SSE or rarely N-S and are generally inclined toward SW or NE. This direction is different to the one described by [17] in the Tcholliré region, to the NE of Mbé -Sassa-Bersi area where S 0/1 trend between E-W and N-S. The change suggests probable reorientation of S 0/1 structure during D 1 deformation phase. The opposite dip of S 0/1 is probably due to the transposition by folding during the second deformation phase. L 1 lineation and F 1 fold axis are mainly trended parallel to the direction of S 0/1 and plunge with low angle toward SSE or SE, suggesting transport of material from NW or NNW toward SE or SSE. S 0-1 is flat and bears subhorizontal stretching and mineral lineation L 1 ; in addition, F 1 folds developed during the first deformation phase are mainly slopped (with horizontal axial plane). These structures and their geometrical arrangements suggest nappe structures already identified in the Mbé mylonitic group [21] considerate as evolved in probable early Pan-African crustal thrusting [14, 25] . According to [5] and [49] , the first deformation phase is attributed to the early Pan-African tectonic emplacement of nappes, verging toward the east. The NW or NNW dipping of the F 1 folds axial plane suggests SE or SSE verging for the tectonic nappe in the study area. The D 1 deformation is recorded to amphibolite that show banding marked by quartzofeldspathic-rich layers (of granitic composition) alternating with ferromagnesian-rich layers, suggesting their migmatitic character (Figure 3a, Figure 3c , Figure 3e and Figure 4b, Figure 4g ). This character indicates an early partial melting and emplacement of granitic material during D 1 deformation phase as suggested by [9] concerning the interpretation of the tectono-magmatic and metamorphic evolution of the Central African Orogenic Belth in Cameroon. Thus the presence of the S 0/1 schistosity in the tonalite suggests that this plutonic rock was emplaced before or during the D 1 deformation phase in this area.
The structural elements characterising the second phase of deformation D 2 result from the tectonic transposition of S 0/1 foliation planes and F 1 folds. D 2 is characterized by the development of multiplicity of structures among which (1) NE-SW to ENE-WSW foliation S 2 with steep dip toward NW or SE bearing (2) subhorizontal L 2 lineation; (3) F 2 folds of different shape with axial plane in a parallel direction to S 2 and axis parallel to L 2 ; (4) B 2 boudins and (5) C 2 shear planes. Asymmetric F 2 folds and B 2 boudins are developed in the orthogneisses. According to [50, 51] these types of boudins and folds are typical of shear zones. The position and disposition of S 2 and L 2 is similar to the one identified along the Tcholliré-Banyo shear zone [17] . The presence of asymmetric and similar folds (F 2 ) and asymmetric boudins (B 2 ), folds suggest that the dominant mechanism of deformation is simple shear. According to [52] , the parallelism between L 2 and F 2 fold axis suggests that simple shear produced the folding. However, upright folds and the relative symmetry of some boudins indicate a significative implication of NW-SE shortening. The spatial association of shear and shortening shows that transpression has acted in the study area, along the TBSZ. L 2 lineation and F 2 folds axis plunge with low angle toward NE or SW. In addition, stretching and mineral lineation L 2 are trended in a parallel direction to the S 2 foliation. The geometrical arrangement of both structures (L 2 and S 2 ) is frequent in transcurrent shear zones [19] and in transpressional shear zones characterized by simple shear dominated transpression [53] . The transpressive character of D 2 deformation has been also showed in the Kimbi area in the western part of the Central Cameroon domain and in West Tibati along the Central Cameroon shear zone [1, 52] . However, this character of D 2 is different to the results obtained in eastern Cameroon, where D 2 deformation is characterized by convergence with crustal shortening [4, 13] . On the basis of data presented in this study, we can suggest that the dominant tectonic regime during D 2 deformation phase in Mbé -Sassa-Mbersi area is simple shear dominated transpression. The subhorizontal and low plunges (≤ 30 °) of L 2 lineations (Figure 2a , e, f and j) on NE-SW subvertical planar structures suggest oblique displacement of blocks along the Tcholliré -Banyo shear zone. Field observations show that boudinaged granitic veins (aplite, pegmatite) are concordant to the C 2 /S 2 planes of metamorphic rocks (Figure 4h and j) . These veins are deformed and display intern shistosity concordant to the S 2 /C 2 foliation/shear planes of metamorphic rocks and suggest their emplacement contemporaneous to shearing (Figure 4d ). According to [17, 55, 56] , link between granite and shear zones leds to the view that major crustal shear zones play an important role in extraction and emplacement of magmas through the crust. The D 3 deformation phase result from the tectonic superposition of previous structural elements. The main structural elements that determine this deformation phase are F 3 folds that result from the transposition or from refolding of F 2 folds; subvertical S 3 foliation trended N70-75E to N80E developed at the axial plane of F 3 folds; subhorizontal stretching and mineral L 3 lineation; and C 3 shearing trended in a parallel direction to S 3 foliation. These structural elements transpose generally those developed during previous deformation phase D 2 . S 3 show steep dipping and bear stretched and/or mineral lineation that plunge with low angle characterizing dominantly transcurrent nature of D 3 deformation. The direction of S 3 and L 3 is similar to the one identified along the Central Cameroon shear zone in West Tibati and Koata areas [3, 18, 19, 57] . The geometrical position and disposition of S 3 and L 3 suggest transpression according to [10, 58, 59] or simple shear dominated transpression [53] . However, in place, L 3 are subvertical and plunge with high angle (40° to 70°). According to [53] , subvertical foliation associated to subvertical lineation is characteristic of pure shear dominated transpression. The coexistence of simple shear and pure shear can be explained by strain partitioning in the study area produced by transpression. According to [60, 61, 62] , the consequence of transpression is the partitioning of strain into domains that are predominantly transcurrent associated with domains that are predominantly compressive. According to [63, 64, 65] Indeed, the trends of L 3 lineations tend to rotate from ENE-WSW to E-W. strain partitioning in inclined or oblique transpressional settings is materialized by the rotation of lineation. On the field, the trends of L 3 lineations tend to rotate from ENE-WSW to E-W suggesting strain partitioning induced by transpression. We suggest that a dominant pure shear component may have affected the Karna quarry while Ndong Bénoué, Ndom and Toubaka were affected by a dominant simple shear component along the ENE-WSW to E-W shear zone. The transpressive character of D 3 is different to the one proposed by [1] in Central Cameroon but similar to the standpoint of [52] in Kimbi area and of [54] in Garga Sarali region (East Cameroon). Most of the ENE-WSW to E-W S 3 /C 3 shear planes are filled by boudinaged and foliated granitic veins suggesting magma emplacement during D 3 deformation phase, under the control of the C 3 shear plan that correspond to the Central Cameroon shear zone. The conformability between this shear zone and granite magmatism have been already showed by [1, 19, 66] . The presence of deformed granitic veins in the N75E to N80E S 3 /C 3 planes suggest development of granite magmatim during D 3 deformation phase under the control of crustal structure which must be correspond to the Central Cameroon shear zone.
The fourth deformation phase D 4 is marked by faults, tension gashes and fractures. These structural elements suggest brittle character of this deformation phase. Faults are generally combined and show both dextral and sinistral shear motion trended. These faults and fractures display NW-SE. This direction was mentioned in the Tombel and Kimbi basement of the Pan-African fold belt and has been interpreted as traces of the Benue trough [53, 67] .
Tectonic and kinematic evolution of the Tcholliré-Banyo and Central Cameroun Shear Zones
It is proposed above that the Mbé -Sassa-Mbersi area is characterized by four deformation phase. The second and third tectonic phase are marked by the development of steeply dipping foliation planes bearing subhorizontal lineation both parallels to the general strike of the well know shear zones in CAOB. The NE-SW or ENE-WSW foliation/shearing is trended in a parrallel direction to the Tcholliré-Banyo shear zone. On the other hand, the N70E-N80E foliation/shearing is concordant to the strike of Central Cameroon shear zone. Structural data denote that the NE-SW shear zone evolve during the development of D 2 deformation phase. However, according to [14] the Tcholliré-Banyo shear zone occurs between D 2 -D 3 deformation stages. In this study, data shows progressive change of S 0/1 at the contact of S 2 /C 2 foliation/shear planes trended in the parallel direction to the TBSZ suggesting D 2 evolution stage for this shear zone. The stage of evolution proposed in this study for the NE-SW or ENE-WSW shear zone is similar to the one recently suggested in granites and host schists (Rey-Bouba greenstone Belt) in the Tcholliré area [17] and in gneisses of the Mbé quarry [16] in our study area. The kinematic indicators such as (1) F 2 asymmetric and intrafolial folds consisting of boudinaged granitic veins emplaced during simple shear deformation; (2) clasts or boudins of amphibolite, feldspar and garnet with sigma (σ) and asymmetric shape suggest sinistral shear movement along the TBSZ during D 2 deformation phase (Figure 7a , Figure 7b and Figure 7c ). This sinistral kinematic is identical to the one proposed by [17] identified along the same shear zone in the Tcholliré area and to the one previously proposed by [9] . However, this kinematic is different to the one proposed by [16] in our study area. These authors suggest dextral shear movement along the TBSZ at the level of Mbé quarry. These results suggest that the Tcholliré-Banyo shear zone should have a complex kinematic evolution.
The N70E-N80E shear zone cut or transpose the NE-SW/ ENE-WSW former structures (S 2 foliation, C 2 shearing and B 2 boudins) developed during D 2 deformation. The shear zone is outlined either by N75E boudinaged and foliated granitic veins or by N70E subvertical foliation (marked by quartzo-feldspathic rich layers alternating with ferromagnesian rich layers) that turn up the NE-SW S 2 foliation in amphibolite boudins (Figures 5c-f; and 5g-h ). This arrangement of structures suggests that the N70E-N80E shear zone is younger than the NE-SW/ ENE-WSW structures and belong to the D 3 deformation phase in our study area. Kinematic indicators such as hooks (curvature of NE-SW foliation at the contact of N75E or N70E foliation) or inflexion of the internal foliation of amphibolite enclave at the contact with external foliation of orthogneiss (Figure 5e-f and 5g) and asymmetric amphibolite boudins (Figure 5g ) suggest dextral shear motion. These results agree with the one of [1] that indicate later dextral shear movement (phase D 3 ) along the CCSZ during the Pan-African orogeny. However, the same author propose an early sinistral shear movement (D 2 phase) along the same Central Cameroon shear zone before the D 3 one in the West Tibati area. Field structural data investigated in our study area show early sinistral shear movement (D 2 ) rather along the NE-SW Tcholliré-Banyo shear zone as also suggested by the works of [17] in the Tcholliré area while the dextral shear movement is later and recorded to the CCSZ (Figure 5c-h ).
Conclusion
Based on the, field petrographic and structural studies, we can conclude that:
(1) Four deformation phases D 1 , D 2 , D 3 and D 4 can be distinguished in the Mbé -Sassa-Bersi area.
(2) The first deformation phase (D 1 ) is characterized by flat layering foliations S 0-1 bearing subhorizontal stretching and/or mineral lineations L 1 , recumbent isopach folds F 1 ; and overlapping. These structural elements are characteristic of the tectonic nappe verging SSE.
(3) The second deformation phase (D 2 ) show diversity of ductile and linear structures. Geometrical characteristics of these structures suggest simple shear dominated transpressive deformation characterizing tranpressional shear zones. The dominant shear zone developed during this deformation is the NE-SW-ENE-WSW Tcholliré-Banyo shear zone. Kinematic markers show sinistral movement along of this shear zone during the Pan-African Orogeny. This tectonic phase is also charactyerized by emplacement of granitic magmatism under the control of above shear zone.
(4) The third phase (D 3 ) is characterized by both simple shear and pure shear dominated transpressive deformation induced by strain partitioning. This deformation is associated to the development of the N75E-N80E Central Cameroon shear zone characterized by a dextral shear motion. As the Tcholliré-Banyo shear zone, this shear zone is also associated to the evolution and emplacement of granitic magmatism during the Panafrican Orogeny.
(5) The fourth deformation phase (D 4 ) is brittle and responsible to the development of fractures trended generally NW-SE.
